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Abstract: This study describes the interesting potential of ram horns to be used as a supplement for glycerol production in batch
fermentation. The use of ram horn hydrolysate (RHH) as a supplement for glycerol production was investigated using baker’s yeast,
Saccharomyces cerevisiae. For this purpose, RHH was first produced. The production and chemical composition of the RHH was as
described in our previous study. The effects of different concentrations (1 to 10% v/v) of RHH on the production of glycerol were
investigated, and 8% RHH was found to be optimal. The content of glycerol in the culture broth containing RHH (6.3 g l-1) was
similar to that in the control culture broth (6.4 g l-1). As a result, RHH was found to be suitable as a supplement for glycerol
production.
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Maya Taraf›ndan Gliserol Üretimi ‹çin Bir Suplement Olarak Koç Boynuz
Hidrolizat›n›n Kullan›m›
Özet: Bu çal›flma s›v› fermentasyon kültüründe Saccharomyces cerevisiae taraf›ndan gliserol üretimi için koç boynuzlar›n›n potansiyel
olarak kullan›m›n› tarif eder. Hamur mayas› olan S. cerevisiae kullan›larak gliserol üretimi için koç boynuz hidrolizat›n›n (KBH)
kullan›m› araflt›r›ld›. Bu amaç için önce KBH üretildi. KBH’ nin üretimi ve kimyasal içeri¤i önceki çal›flmalar›m›zda belirlendi. Çeflitli
konsatrasyonlarda (%1-10 h/h) KBH’ nin gliserol üretimi üzerine etkileri araflt›r›ld› ve KBH’nin %8’i gliserol üretimi için optimum
-1
oldu¤u bulundu. KBH’ yi ihtiva eden s›v› kültürdeki gliserol miktar› (6.3 g l ) kontrol olarak kullan›lan s›v› kültürdeki gliserol
-1
miktar›yla (6.4 g l ) benzerdi. Sonuç olarak KBH gliserol üretimi için uygun bir suplement oldu¤u bulundu.
Anahtar Sözcükler: Zirai at›k, Fermentasyon, Gliserol, Koç boynuzu, Maya

Introduction
Glycerol production by microbial fermentation has
been known for years, and glycerol is a widely used
chemical with many commercial applications. Glycerol is
traditionally produced as a by-product of soap and fatty
industries. However, this fully meet does not demand.
Therefore, glycerol production by fermentation of a wide
variety of substances and different types of
microorganisms has been the subject of much research.
Although fermentative production of glycerol by yeast
was discovered during World War I, it was abandoned in
peacetime for economic reasons (1). The glycerol
formation accompanying ethanol production in the
fermentation of wastes has been investigated in recent

years. Studies (2,3) on glycerol production by
microorganisms with waste materials have reported
microbial production of high amounts of glycerol. Many
attempts have also been made to produce glycerol by
osmophilic yeast. The increased intracellular accumulation
of glycerol during osmotic stress is due to the increased
production of glycerol and enhanced retention within the
cells (1,4-7). In addition, immobilized microbial cell
systems have been the subject of extensive research
during the last 20 years. This technology offers many
advantages such as high yield, low risk of contamination
and easy control (2,8,9). In short, various chemical,
physical and biochemical techniques in industrial
processes have been investigated for glycerol production
(1-10).
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Most of the studies concerning glycerol production
have been carried out using baker’s yeast, Saccharamyees
cerevisiae. There are several reasons for the interest in
glycerol production: glycerol is a predominant by-product
of the fermentative metabolism of S. cerevisiae, a
desirable end product in wine, providing the quality of
texture, and is typically an unwanted by-product in the
production of distilled ethanol (10).
Changing economic, social, political and cultural values
have challenged all countries to use their resources
efficiently. There have been increasing efforts to recycle
traditional organic waste products. In order to comply
with various environmental laws in various countries,
industries that face a problem of waste management and
disposal are altering their production methods to consider
by-product recovery and use more fully.
Ram horns, known as fibrous protein, are widely
produced across the world. In Turkey, more than 600
tons of horn is produced per year (11,12). Furthermore,
other fibrous proteins from feathers, nails, hair are etc.
available as waste. These waste products can be
converted to biomass, protein concentrate or amino acids
using proteases derived from certain microorganisms
(13). Ram horns consist of a-keratin, which is relatively
rich in cysteine (up to 22%). In addition, they contain
most of the other common amino acids (14-16). Ram
horn hydrolysate (RHH) has not been extensively
investigated, and its use in industrial processes is still
limited. Previous experiments in our laboratory have been
conducted on RHH on its influence on the crop yield of
the mushroom Agaricus bisporus (12), on single-cell
protein production (17-19), on glycerol production
(20,21), and the production of citric acid (22), lactic acid
(23) and peptone (11,24). According to these reports,
RHH should to be thoroughly investigated to find
industrial applications.
So far, there have been no published reports on the
use of this type of RHH solution for glycerol production.
This paper reports the results of laboratory research
using RHH for the production of glycerol. The objective
of this study was to use RHH in the fermentation medium
for the production of glycerol by yeast and thereby to
reutilize this abundant animal waste. Another objective of
this work was to see whether there are strong
differences between ram horn hydrolysate medium
(RHHM) and the control medium used under laboratory
conditions.
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Materials and Methods

Hydrolysis of ram horn
The chemicals used in this study were analytical grade
and purchased from Oxoid (UK) and Difco (USA). Ram
horns were obtained from the slaughterhouse Erzurum,
Turkey.
Hydrolysis processes were prepared by
Kurbanoglu’s method (20). For this purpose, horns were
washed with deionized water and dried in an oven at 100
o
C to constant weight. The dry horns were cut into
smaller pieces and ground until an average size of 5 mm
was achieved (Arthur, USA). The ground material was
termed horn powder (HP). Fifty grams of HP were mixed
with 75 ml of 6N-H2SO4. The resulting mixture was
incubated at 70 oC for 24 h. At the end of this period, the
mixture was incubated at 130 oC for 4 h with the addition
of 100 ml of deionized water. The solution was then
cooled to room temperature, and the pH was adjusted to
7.0 with 5 N Mg(OH)2. It was then filtered twice through
Whatman no. 1 filter paper. The volume was adjusted to
500 ml with deionized water. The final clear filtrate was
termed ram horn hydrolysate (RHH) and stored at 4 oC
until further studies were completed.

Organism and media
Saccharomyces cerevisiae, which is used for making
bread, was used as the strain for glycerol production
(20). The strain was maintained on agar slants containing
YEPD medium (10% glucose, 1% yeast extract, 2%
polypeptone) and the inoculum cultures were inoculated
from the yeast on the slant by means of sterile inoculation
loops. The preculture medium was composed of 10 g of
glucose, 5 g of peptone, 3 g of yeast extract and 3 g of
malt extract per liter of pure water. Five milliliters of each
of the cell suspensions obtained after precultivation for
24 h at 30oC was inoculated into a fermenter containing
500 ml of the RHH culture medium and control medium.
At the same time, YEPD medium was used as a control
medium (CM) against the experimental medium (RHHM)
in the glycerol production. The RHH was composed of
10% glucose, 1% yeast extract and RHH in various
concentrations. These media were autoclaved at 121 oC
for 20 min before the experiments.
Fermentation and measurements of growth
A batch culture was established in a 2-l fermenter
(Biostat-M 880072/3, Germany) with a working volume
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of 1 l. The culture temperature was automatically
maintained at 35 oC. The pHs of the culture media were
adjusted to 7.2 with 1 N H2SO4 and 1 N Mg(OH)2. The
fermenter was a constant aeration of 0.70 vol.vol.min.
Agitation was controlled at 250 rpm during the
fermentation. The growth of the yeast was measured by
the dry cell weight of the harvested cells (biomass). The
biomass was determined following centrifugation at
5000 x g for 20 min at 4 oC, drying the cell mass at 80
o
C overnight and weighing the resulting dry cell biomass.
The supernatant was used for the determined of the
sugars and glycerol. The final pH of the supernatant was
also measured.

Analytical methods
The glycerol and glucose concentrations in the
cultures (25) were measured by high performance liquid
chromatography (HPLC). Total sugar concentration was
calculated as the sum of the glucose.

Table 1. Composition of RHH produced from ram horn*.
Components g/100-ml RHH

Amino acids (mg ml-1)

Nitrogen

0.980

Aspartic acid

5.30

6.125

Threonine

2.67

Protein
Dry matter

13.60

Results and Discussion
The chemical composition of RHH was determined in
a previous study (20) and is shown in Table 1. These data
show RHH to be rich in both organic and inorganic
components. The results shown in Table 1 were
thoroughly discussed in our previous studies (11,12,20).
Polypeptones as the main nitrogen source under
laboratory conditions have been used for glycerol
production (5). In this study, RHH was considered as the
main nitrogen source because it contains various amino
acids. In addition, in order to generate MgSO4 in the
fermentation medium, H2SO4 and Mg(OH)2 were used in
the horn hydrolysis processes. This MgSO4 for the growth
of S. cerevisiae may be useful in broth culture. According
to Kristinsson and Rasco (26), acid hydrolysis of proteins
is used more commonly than hydrolysis under alkaline
conditions. Total hydrolysis of fish protein substrate can
be achieved in 18 h at 118 oC in 6 N HCl. In addition,
following the neutralization of the digest, the hydrolysate

3.83

Ash

5.130

Glutamic acid

Total sugar

0.600

Glycine

6.930

10.90
4.260

Total lipids

0.410

Alanine

Ca

0.215

Cysteine

3.800

Cu

0.023

Valine

3.420

Mn

0.049

Methionine

0.550

Zn

0.086

Isoleucine

2.180

Fe

0.165

Leucine

5.370

K

0.150

Tyrosine

2.150

MgSO4

5.400

Phenylalanine

2.230

Histidine

0.960

Statistical analysis
The media were compared against each other. The
experiments were replicated 3 times in a randomized
block design. All data were analyzed using the SAS
general linear models procedure. Differences among
means were tested for significance (P < 0.01) by
Duncan’s multiple range tests.

Serine

Lysine

2.950

Arginine

6.210

Proline

5.200

*

From Kurbanoglu (20)

contains a large amount of salt (NaCl), which can make
the product unpalatable and interferes with functionality
in food systems. Another drawback of acid hydrolysis is
the destruction of tryptophan, which is an essential amino
acid.
We investigated the effects of RHH in various
concentrations (1-10% v/v) on the biomass, glycerol and
residual sugar (Table 2). Obviously, the concentrations of
RHH have a significant effect on the biomass, glycerol and
residual sugar rates. These rates for 8% RHH are
statistically significant (P < 0.01). As seen in Table 2, the
-1
highest biomass (9.8 g l ) and glycerol yield (0.069 g of
-1
-1
product g sugar l ) and the lowest residual sugar (27 g
l-1) were obtained from 8% RHH. We thus found that the
optimal concentration for the production of glycerol was
8%. It was found that applications higher than 8% had
an inhibitory effect. For example, lower biomass
concentration (6.6 g l-1) and glycerol yield (0.054 g of
-1
-1
product g sugar l ) were obtained from the application
of 10% RHH. This inhibitory effect may be due to the
high biochemical oxygen demand (BOD) of RHH and the
presence of cell wall cations and some toxic materials. In
addition, during glycerol production, cell growth and
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Table 2. Residual sugar, biomass concentration and glycerol yields of S. cerevisiae after 2 days for 35 oC
at different RHH concentrations and CM.
Media

Biomass (g l-1)

Residual sugar (g l-1)

3.6a

69a

1% RHH

ab

4.3

64

0.038ab

3% RHH

5.6bc

58c

0.045bc

4% RHH

cd

d

0.054cd

e

0.058de

f

54

de

5% RHH

7.3

47

ef

6% RHH

8.8

42

0.062efg

7% RHH

9.3f

39g

0.062fg

8% RHH

f

h

0.069g

f

0.060ef

d

9.8

27

ef

9% RHH

8.4

44

10% RHH

6.6

52

0.054ef

CM

6.8de

37g

0.066fg

a,b

d

Means in rowb without a common superscript differ (P < 0.01). Means of 3 trials, each trial being
examined in duplicate. Values with the same letters are not significant (P< 0.01).

glycerol production are inhibited by an increase in the
concentration of dissolved carbon dioxide, and are
significantly affected by the concentration of dissolved
oxygen (27). These results suggested that the increase in
glycerol production rate was due to the increase in the
cell growth rate. Therefore, we continued our research
with 8% RHH. The main chemical composition of
substrate (per liter) was 80 ml of RHH, 10 g of yeast
extract and 100 g of glucose. This substrate was termed
ram horn hydrolysate medium (RHHM).
The effects of incubation time on the glycerol
concentration and residual sugar of the culture are given
in Table 3. The differences between the results of RHHM
-1

Table 3. Residual sugar (RS) and glycerol concentration (GC) as g l on
RHHM and CM for 35 oC at various incubation times.
Incubation times (days)
Media

CM
RHHM
a,b

2

3

RS

GC

a

4.2

37

b

27

a
a

5.1

4

RS

GC

a

5.9

14

a

11

a
a

6.0

RS

GC
a

6.4

a

6.3a

1.6
1.8

a

Means in rows without a common superscript differ (P< 0.01).
Means of 3 trials, each trial being examined in duplicate. Values with
the same letters are not significant (P < 0.01).
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0.035a

2% RHH

6.4

b

Yield (g glycerol g-1 sugar l-1)

and CM are not significant (P < 0.01). The highest
glycerol yield in the RHHM was observed at 4 days. This
-1
value was 6.3 g l , and the rate of sugar consumption
was about 98%. Similarly the glycerol concentration in
the CM for the same incubation time was measured as
6.4 g l-1, and the rate of sugar consumption for this
medium was 98%. As a result, the performance of
RHHM is similar to that of CM. As shown in Table 3, the
levels of glycerol in the RHHM are similar to those of CM
for all incubation times. It is not surprising to find such
similarities in glycerol rates from cultures. As seen in
Table 1, RHH is rich in minerals and amino acids. These
nutrients enhance growth and glycerol production by
RHHM in comparison to CM and may be due to the
presence of these components in the substrate. Wang et
al. (28) reported that fermentation efficiencies decreased
when fewer nutrients were present in the fermentation
media. It has also been reported that the activity of
alcohol dehydrogenase decreased when amino acids
rather than ammonium salts were used as nitrogen
source, resulting in an increased glycerol yield (5). In
addition, Kristinsson and Rasco (26) reported an acid
hydrolysis process in whole fish, where steam distillation
is used to remove aromatic substances followed by
filtration and then concentration. The concentrate was
used in dehydrated soup cubes and as a microbial
medium. Acid hydrolysis is also widely utilized to convert
underutilized and secondary raw material from fish into
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fertilizer due to the low production cost and resulting
extensive hydrolysis. In this study, we report that glycerol
could be produced by yeast when this RHH was
supplemented as a nutrient to the fermentation medium.
It was found that RHH, which is discharged as a waste in
slaughterhouses, was suited as a supplement for glycerol
production from the slaughterhouse residue by yeast. The
final pH of the supernatant in each culture was low, from
7.2 to 6.5. This pH value was similar to that of control
cultures, about 7.0-6.0. Moreover, in this process not
only glycerol was produced but also alcohol, but the
media were examined for their ability to produce glycerol.
For this reason, alcohol measurements were not made.
Ram horns are composed of over 90-95% protein,
the main component being keratin, a fibrous and
insoluble protein highly cross-linked with disulfide and
other bonds. In Turkey, in mature rams, the horn
accounts for up to 2-3% of the live weight. Considering
its high protein content, this waste could have great
potential as a source protein. The amount of HP utilized
was 50 g, and the amount of HP hydrolyzed by acid
hydrolysis was 42 g. According to this result, 84% of
horn can be utilized as a fermentation medium for
glycerol production by yeast. In this study, we obtained
40 g of glycerol from 50 g of HP over 4 days. In this
case, 600 t of HP can be used to produce 480 of glycerol.
RHH contains a high nutrient content and is safe for
microbial growth; it is therefore marketable and can
offset operating costs. This process is technically feasible

for the treatment of waste horn with glycerol recovery.
The large amount of ram horn waste produced and its
localized accumulation around meat-processing sites
create a serious disposal problem leading to
environmental pollution. Glycerol recovery from waste
horn in Turkey can reduce this pollution problem.
This research did not consider how much production
cost would be increased or decreased if this technique
were used under commercial conditions. Nevertheless,
RHH was found to be a suitable substrate for use in
glycerol production. Consequently, ram horns may be
used as nitrogen source instead of polypeptone for
glycerol production.
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